Except for the oxidation of erythritol to L-erythrulose by Acetobacter (Bertrand, 1900) little is known of the metabolism of tetroses in microorganisms. Barker and Lipmann (1949) found erythritol to be esterified and oxidized by Propionibacterium pentosaceum, although a tetrose intermediate was Kornberg and Racker (1955) to be identical with the enzymatically formed product.
Except for the oxidation of erythritol to L-erythrulose by Acetobacter (Bertrand, 1900) little is known of the metabolism of tetroses in microorganisms. Barker and Lipmann (1949) found erythritol to be esterified and oxidized by Propionibacterium pentosaceum, although a tetrose intermediate was not identified. The utilization of D-erythrose by mammalian liver slices has been reported by Abraham and Chaikoff (1955) . Accumulating evidence for the biological significance of this sugar includes the recent demonstration of D -erythrose -4 -phosphate (E-4-P) as an intermediate in the pentose phosphate pathway (for a review see Horecker and Mehler, 1955) and in the biosynthesis of shikimic acid (P. R. Srinivasan and D. B. SprinsOn, personal communication). Chemical synthesis of E4-P has been achieved by Ballou et al. (1955) . The synthetic compound has been reported by Kornberg and Racker (1955) to be identical with the enzymatically formed product.
To explore further the pathways by which erythrose may be metabolized, bacteria which were able to utilize this compound as their sole carbon source were isolated by enrichment culture. From one of these organisms a cell-free preparation capable of metabolizing erythrose was prepared. Preliminary studies suggest that E4-P is produced in this cell-free system.
MATERILJS AND METHODS
Erythrose preparation. D-Erythrose was synthesized according to the method of Rappoport and Hassid (1951) with some modifications to facilitate relatively large-scale runs. 4,6-Ethylidene glucose was oxidized with periodate to 2,4-ethylidene erythrose. This product was hydrolyzed by heating at 100 C for 1 hr with 2 ml of "dowex-50-H+" per g of ethylidene erythrose. During this time water was added as needed to maintain constant volume. The product was cooled, decolorized with charcoal, and deionized by passage through a mixed-bed resin ("amberlite MB-3"). To (Umbreit et al., 1949) .
Cell-free extracts (Mcflwain, 1948) were prepared by grinding in a mortar 1 g of organisms for 2 min at 0 C with 2.5 g of "alumina A-301" (Aluminum Company of America, 325 mesh) and extracting with 7.0 ml of 0.05 M 2-amino-2-(hydroxymethyl)-1 ,3-propanediol-HCl buffer (tris buffer), pH 7.4, and centrifuging in the Sorvall SS-1 centrifuge. Erythrose utilization by cell-free extracts was measured by determination of reducing power of the supernatant solution obtained by centrifugation after treatment at 0 C with 5 volumes-of absolute alcohol and with 0.02 volume of 20 per cent barium acetate.
ATP3 was synthesized from adenylic acid and p32 by oxidative phosphorylation using mouse liver mitochondria prepared by the method of Kielley and Kielley (1951) . Crystalline aldolase was prepared according to Taylor et al. (1948) . Sedoheptulose diphosphate (SDP) was prepared according to the method of Smyrniotis and Horecker (1956) . L-Erythrulose-o-nitrophenylhydrazone was prepared by the procedure of MQller et al. (1937) . Synthetic D-erythrose4-phosphate was kindly provided by Dr. C. E. Ballou of the University of California. Other substances were obtained from commercial sources. Formaldehyde was determined by the method of MacFadyen (1945) , and acetate by the procedure of Rose et al. (1954) . Glycolaldehyde was assayed according to Dische and Borenfreund (1949) . Sedoheptulose was analyzed by the orcinol reaction (Horecker et al., 1953 Figure 2 . Uptake of 02 with resting cell suspensions of erythritol-grown Alcaligenes faecalis. Test conditions were as in figure 1. At the arrow 6.0 ,umoles of substrate were tipped in from the side arm.
erythrose-consuming activity disappeared on freezing or on treatment with protamine, manganous salts, ammonium sulfate, or calcium phosphate gel. This difficulty prevented separation of substantial quantities of the primary reaction product, which was further metabolized in the reaction mixtures. However, several observations provided presumptive evidence for the formation of E-4-P or a precursor of this substance.
ATP requirement. In the presence of ATP the bacterial extracts catalyzed the conversion of erythrose to a product which was removed by barium-ethanol treatment. This loss of soluble reducing power when ATP was present suggests the formation of a phosphate ester. Even in the absence of barium-ethanol treatment, however, reducing power after incubation with ATP was less than that present at the start of incubation, indicating further metabolism of the phosphate ester by the bacterial extract. were recovered from the column in tubes containing 169,000 cpm. The "tailing" shown in the elution of the SDP is attributable to the fact that this procedure was carried out at 3 C. The SDP appears in much more concentrated fashion when the elution is carried out at room temperature.
A phosphate ester chromatographically similar to chemically synthesized erythrose4-phosphate wras detected in the incubation mixtures. Following treatment with charcoal to remove nucleotides, the solutions were spotted on Whatman #1 paper, and chromatographed in ascending fashion with methanol-formic acid-water (80:15:5). With the Bandurski and Axelrod (1951) spray reagent for phosphate esters these chromatograms were found to contain a phosphate ester with an Rf of 0.46, similar to that of synthetic E4-P. In addition, such incubation mixtures were found to contain a phosphate ester with electrophoretic mobility like that of E4-P.
In an effort to label the product, the bacterial extract and ATP'2 were incubated with and writhout erythrose followed by treatment with charcoal to remove the nucleotides. More radioactivity was consistently found in the charcoal supernatant solution from those incubation mixtures containing erythrose. However, the presence of ATPase in the extracts led to the appearance of substantial amounts of P'2 in the charcoaltreated mixtures incubated without erythrose, and efforts to isolate the labeled product were unsuccessful.
Trapping experiments with sedoheptulose diphosphate. E4-P has been shown to condense reversibly with dihydroxyacetone phosphate in the presence of muscle aldolase, forming sedoheptulose 1 ,7-diphosphate (SDP) (Hough and Jones, 1953) and in animal tissues (Abraham and Chaikoff, 1955; Breusch, 1951) , has now been observed in microorganisms. This characteristic has been developed in a strain of Alcaligenes faecalis by adaptation. The pathways through which the tetrose is metabolized by the bacterial as well as by the plant and animal systems remain unknown. Initial reduction of erythrose to erythritol followed by phosphorylation is a possibility suggested by the studies with Propionibacterium pentosaceum of Barker and Lipmann (1949) . However, no evidence for such a reaction was obtained although the presence of endogenous reducing substances could not be excluded. Similarly, isomerization to erythrulose, a product of erythritol oxidation in cultures of Acetobacter subozydans (Bertrand, 1900) A cell-free system capable of decomposing erythrose has been prepared from Alcaligenes faecalis. The formation of a phosphate ester product is suggested by a requirement for ATP for the utilization of erythrose. In the presence of erythrose, sedoheptulose diphosphate and ATP32, P32-labeled sedoheptulose diphosphate is formed. This result is consistent with the formation of D-erythrose4-phosphate.
